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The Context: Chemical Evaluation 
and Risk Assessment
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Mandate to Assess Thousands of Chemicals

Need to develop methods to evaluate a large number of 
environmental chemicals for potential human-health risks
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Transforming Toxicology

Science, Feb 15, 2008

Robert Kavlock, NCCT
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Toxicity Testing in the Twenty-first Century

• Key aspect of the NRC vision is that new tools are available to examine 
toxicity pathways in a depth and breadth that has not been possible

• Efforts to apply high-throughput-screening (HTS) approaches for 
chemical prioritization and toxicity testing have been accelerated

• An explosion of HTS data for in vitro toxicity assays will become available 
over the next few years  ---- Data are available now!

• How will this new toxicity information be translated to assess 
potential for real-world human health risk?
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Toxicity Testing in the Twenty-first Century: A Vision and a Strategy
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Exposure Science in NRC Vision - TRANSLATION

• Population-based data and human exposure information critical for 
guiding development and use of toxicity information 

• Components include:
– Use of information on host susceptibility and background exposures 

to interpret and extrapolate in vitro test results.
– Use of human exposure data to select doses for toxicity testing so 

we develop hazard information on environmentally-relevant
effects.

– Use of biomonitoring data to relate real-world human exposures with 
concentrations that perturb toxicity pathways to identify potentially 
important (biologically-relevant) exposures.
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Will fundamental knowledge of toxicity pathways improve 
understanding of real-world human-health risk?

• Assessing complex human-health risks requires that hazard, 
susceptibility, and exposure are all reliably characterized. 

• Currently, balance of efforts to improve measuring hazard and exposure 
less than ideal:  One measure of the hazard-exposure equation continues 
to be refined while the other remains subject to crude characterization. 

• Accurate assessment of many environmental exposures remains an 
outstanding and largely unmet challenge in toxicology and risk 
assessment.

• To realize the NRC vision, we face a critical need for advanced 
exposure science.

Adapted from Wild, 2005
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Claude Monet, Impression, soleil levant, 1872 
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Impressionism a Transformational Movement
• Radicals–broke the rules of painting

• Developed new techniques - different way of seeing 
– Plein-air, open composition (system definition)
– Immediacy and movement (interplay of subject and environment, 

dynamics)
– Light expressed in a bright and varied use of color (key determinants)

• Captured a fresh and original vision
– Re-created the sensation in the eye that views the subject, rather than 

recreating the subject.
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Does Exposure Imitate Art?

• System
– Moved from studio out into modern world
– Open compositions, realistic scenes 

• Resolution
– Exquisite detail (smoothly blended) of surrogate representation 
– Abstraction (distillation) of key determinants to address mechanism
– Free brush strokes of pure color to emphasize vivid overall effects 

rather than details
• Determinants

– Light (changing qualities)
– Color (bright and varied)
– Form (loose brush strokes)
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Jacques-Louis David, The Comtesse
Vilain XIIII and Her Daughter (1816) Pierre-Auguste Renoir, Le Moulin de la Galette, 1876

Open System, Relevant Resolution



13Office of Research and Development
National Center for Computational Toxicology
Fragonard, The Swing, 1767

Renoir, The Swing (La Balançoire), 1876

Key Determinants
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Variability, Vulnerability and Life-stage Aspects Integral

Monet, Grainstacks 1890-1890
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Exposure Science Research Questions

• What does the real world look like?
– What are the critical elements of exposure in a given context?  
– What are the key metrics for characterizing these exposure elements 

in that context?  
– What is the required resolution for measuring key metrics and 

modeling exposures so that these are relevant for developing and
interpreting hazard information to assess health risks? 

• How can we leverage new scientific understanding and tools in 
biological, computational, and information sciences to develop rapid, 
inexpensive approaches for characterizing biologically-relevant 
exposure?
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Transforming Exposure Science for Toxicity Testing 
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Computational Techniques – Two Branches

• A combination of discovery and engineering (mechanistic)-based modeling 
approaches for hypothesis development and testing are required.

• Knowledge-discovery 
– Data-collection, mining, and analysis
– Required to extract information from extant data on critical exposure 

determinants, link exposure information with toxicity data, and identify 
limitations and gaps in exposure data.

• Mechanistic (dynamic) simulation
– Mathematical modeling at various levels of detail 
– Required to model the human-environment system and to test our 

understanding of this system.
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New technologies must be applied to BOTH toxicology and 
exposure science if the ultimate goal of screening chemicals 
for risk is to be achieved.

• Systems exposure science
• Biologically-relevant exposure metrics
• Environmental informatics and advanced computational models

Cohen Hubal, Tox Sci, 2009
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Systems Biology: Exposure at All Levels of Biological Organization
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Systems Biology: Extending Network Analysis to Inform Risk Assessment

• Consider coupled networks spanning multiple levels of biological
organization 

• Mechanistic understanding derived by characterizing networks and
impacts of perturbations

• Networks at different levels used to merge molecular-level changes with 
measured events at the individual or population level 
– Molecular networks based on data from ‘omic measurements
– Key event networks, where each node ideally represents a toxicity 

pathway, abstracted from molecular network based on biological 
interpretation and targeted experimentation 

– Adverse outcome driven by impact of an individual’s genetics, 
epigenetics and exposure profile

– Connectivity at the population level driven by common genetics,
lifestyle, environment 

Edwards and Preston (2008) 
Tox Sci, 106;312-318
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Systems Biology: Extending Network Analysis to Inform Risk Assessment
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Biologically-Relevant Exposure Metrics 

• Markers required that can be directly associated with key events in a 
disease process and with an individuals exposure profile
– ‘Omic technologies showing potential to yield a new generation of 

exposure metrics (Wild, 2009)
– Altered global gene expression associated with exposures to arsenic, 

cigarette smoke, benzene, metal fumes and air pollution

• Better environmental biosensors required to study gene-environment 
interactions associated with complex disease (Collins 2007)
– Nano-scale sensor arrays can be developed to detect specific sets of 

environmental agents (Andreescu et al, 2009)

• Appropriate investment in this area of research required to provide 
important approaches for assessing real-world exposures
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Exposure-Hazard Knowledge System

• Translation of HTP hazard information requires holistic risk 
assessment knowledge system 
– Include ontologies, databases, linkages 
– Facilitate computerized collection, organization, and retrieval of 

exposure, hazard, and susceptibility information
• Standardized exposure ontologies required to 

– Define relationships, allow automated reasoning, facilitate meta
analyses  

– Develop biologically-relevant exposure metrics
– Design in vitro toxicity tests to measure environmentally-relevant 

hazard
– Incorporate information on susceptibility and background 

exposures to individual and population-level risks
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Schematic of ontologies, databases and ontology/database 
linkages needed for the efficient development of a 
Foods-for-Health Knowledge System

MC Lange, et al. (2007) A multi-ontology framework to 
guide agriculture and food towards diet and health. 
J Sci Food and Ag 87(8)1427-34.
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BUT… Exposure is More Difficult

• Open system 
– Is there a more complicated system than the human body?

• Exposure changes over time
– As does response.

• Sophisticated new tools are available to measure response
– Broad-based investment will indeed be required to develop 

commensurate exposure measurement capacity.
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Exposure Science for Computational Toxicology
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ExpoCastTM:  Exposure Science for Prioritization and Toxicity Testing

• Purpose
– Advance characterization of exposure required to translate advances 

and findings in computational toxicology to information that can be 
directly used to support risk assessment for decision making and
improved public health. 

• Objective
– Develop novel approaches and tools for evaluating and classifying 

chemicals, based on potential for biologically-relevant human 
exposure, to inform prioritization and toxicity testing. 
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Priority Exposure Research for Computational Toxicology

• Accessible and linkable exposure databases

• Exposure screening tools for accelerated chemical prioritization

• Advanced computational approaches for interpreting in vitro toxicity data 
in the context of individual and population health

• Biologically-relevant exposure metrics (biomarkers reliably associated 
with exposure) 

Human vulnerability and life-stage aspects are integral to each of these.

Sheldon and Cohen, EHP, 2009
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Incorporating Exposure Databases into ACToR

http://actor.epa.gov
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Exposure Ontology and Data Curation Project 

• Aims to develop a strawman exposure ontology 
• Strawman ontology will then be used to curate a model data set for 

exposure and health information
• Exposure data from curated literature will be incorporated into the 

Comparative Toxicogenomic Database (CTD)
• Funded by the American Chemistry Council’s Long-Range Research 

Initiative (ACC LRI)
• Lead PI is NIEHS-grantee Dr. Carolyn Mattingly of the Mount Desert 

Island Biological Lab
• Kick off meeting Jan 5, 2010
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US EPA Exposure-Based Chemical Prioritization Workshop: 
Exploring Opportunities for Collaboration

• February 10-12, 2010 in RTP
• Global stakeholder community (Health Canada, OPPTS, ORD, EDF, REACH, 

CPSC, FDA, Green Chemistry, ACC)
• Purpose: 

– Indentify approaches for sharing/leveraging prioritization experience and 
information

– Foster engagement and higher level thinking on exposure science gaps
• Approach:

– Explore mandates of varied organizations and programs
– Review existing exposure-based prioritization tools
– Identify research and development needs for rapid prioritization based on 

potential for exposure
• Outcome: 

– Initiate evaluation and comparison of selected prioritization tools   
– Define scope (chemicals, desired outputs, documentation, datasets, etc.) 
– Select chemicals (based on available monitoring data, prioritization needs, 

previous prioritization exercises, etc.) 
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Integrated Chemical Prioritization Scheme

What do we know?

What are the sources of our knowledge?

Can we integrate information from 
disparate sources?

Does certain knowledge carry more 
importance? 

Can we compare chemicals on an even 
playing field?
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A numerical index that can be used for ranking (instead of absolute 
thresholds) is more flexible for different prioritization tasks and can better 
accommodate new data, new chemicals, data adjustments, etc.

David Reif, NCCT
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Developing a Prioritization Scheme for EDCs

The ToxPI index is calculated from a weighted combination of all data sources for each chemical. 

For each slice, distance from the origin (center) is proportional to the normalized value (e.g. assay potency or 
predicted permeability) of the component data points comprising that slice, and the width (in radians) indicates the 
relative weight of that slice in the overall ToxPI calculation. 

ToxPI = f(In vitro assays + Chemical properties + Pathways)
(toxicological prioritization index)
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Art is born of the observation and Art is born of the observation and 
investigation of nature.investigation of nature.

-- Cicero (106 Cicero (106 –– 43 BCE)43 BCE)

I am among those who think that I am among those who think that 
science has great beauty.science has great beauty.

-- Marie Curie (1867Marie Curie (1867--1934)1934)

Transformation inTransformation in Exposure ScienceExposure Science
is required to realize potential of is required to realize potential of 
NRC Vision for Toxicity TestingNRC Vision for Toxicity Testing
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Disclaimer

Although this work was reviewed by EPA and approved for presentation, 
it may not necessarily reflect official Agency policy.
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